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MATRIX SHAPED OPAQUE LOW REFLECTING COATING ON GLASS 

TECHNICAL FIELD OF THE INVENTION 

This invention relates to coatings on glass, more 
particularly to low reflectance coatings. 

BACKGROUND OF THE INVENTION 

Many different types of devices receive and transmit 
light through glass. One type of these devices is spatial 
light modulators. These modulators include area array 
modulators, as well as opto-electronic or magneto- 
electronic modulators. Area array modulators typically 
consist of arrays of individual elements arranged in rows 
and columns, and are typically used in imaging 
applications, such as displays and printers. They are 
illuminated with a source light and modulate that light 
into an image . 

Each individual element on the device typically 
corresponds to a picture element (pixel) in the produced 
image. These arrays receive light through the glass and 
then selected elements transmit light to the display 
surface. The selection of which transmit light (white) and 
which do not (black) forms the image. Several 
sophisticated techniques, such as pulse width modulation 
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for gray scale and field sequential color, can be applied 
to produce color images. These modulators have several 
advantages, not the least of which is the ability to 
control each individual dot on the image. 
5 In order for these arrays to function effectively, 

stray light in the system must be controlled. Light is 
constrained to the active area of the array by an opaque 
coating that prevents source light from striking any part 
of the device other than the elements. This prevents any 

10 reflection from other parts of the device which may cause 

artifacts in the image. In current embodiments, the glass 
was assumed to need high reflectance. Light from a source 
outside the package striking the opaque coating would be 
reflected. Unfortunately, this high reflectance has been 

15 found to cause ghost images around the edge of the image 

projected by the array. One method of preventing this type 
of reflectance would require the opaque aperture coating to 
absorb light. 

However, if the opaque coating absorbs too much light, 
20 it overheats the package as well. Therefore, a coating is 

needed that defines the optical aperture with low 
reflectance from the outside of the package and that does 
not heat the package beyond its limits. 

25 SUMMARY OF THE INVENTION 

One aspect of the invention is a low reflecting opaque 
coating for glass surfaces. In one embodiment the coating 
is a three layer coating including a layer of germanium. 
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The germanium is contained in titanium to control the 
interior chemical environment of closed packages. Another 
embodiment involves a two layer coating of yttrium oxide 
and germanium. A third embodiment uses a carbon film and 
5 a graphite layer, with or without a layer of yttrium oxide. 

Another aspect of the invention is a process for 
depositing the coating in a combined two-step process. The 
anti-reflective coating is laid down first and then the low 
reflecting coating is laid down on top of it. The above 
10 embodiments of the coating can be used with current 

processes or with the new process . 

It is an advantage of the invention to provide a low 
reflectance opaque coating for a glass surface. 

It is a further advantage of the invention to allow a 
15 low cost implementation of the process of coating the 

glass . 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
2 0 invention and for further advantages thereof, reference is 

now made to the following Detailed Description taken in 
conjunction with the accompanying Drawings in which: 

FIGURE 1 shows a prior art embodiment of a glass 
surface with a low reflecting coating. 
2 5 FIGURE 2 shows one embodiment of a glass surface with 

a low reflecting coating. 

FIGURE 3 shows a first alternative embodiment of a 
glass surface with a low reflecting coating. 
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FIGURE 4 shows a second alternative embodiment of a 
glass surface with a low reflecting coating. 

FIGURE 5 shows a third alternative embodiment of a 
glass surface with a low reflecting coating. 
5 FIGURE 6 shows a fourth alternative embodiment of a 

glass surface with a low reflecting coating. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 shows a cross -sectional view of a prior art 

10 embodiment of a glass surfaced package 10 used in 

conjunction with a spatial light modulator array. The 
array 18 lies under the glass which is held by frame 16. 
The outside surface of the glass has an antiref lective (AR) 
coating 14 which extends onto the frame 16. On the inner 

15 surface of the glass, the surface which faces the array, 

the AR coating covers the aperture coating 12. From the 
top view, the aperture coating 12 would appear to be a 
hollow frame of opaque material. The aperture coating 12 
consists of a three layer structure, of which the middle 

20 layer 30 is silver. 

The percentage of reflectance and transmittance at 
various surface interfaces is shown from the array side is 
shown by the arrows 20, 22, and 34. The clear area of the 
AR coatings and glass, shown by arrow 20, has a 99% 

25 transmittance. The reflectance of the interface between 

the glass and the coating, shown as arrow 22, has a 0.5% 
reflectance. This is the same from the source light side 
of the package as shown by arrow 28. The reflectance of 
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the light from the array that impinges upon the aperture 
coating, shown by arrow 34, has a 20% reflectance. This 
type of reflectance may also cause artifacts in the image, 
since the array may use the light reflected off of the 
5 aperture coating to form pixels that were not intended to 

be formed. 

The percentage of reflectance and transmittance from 
the source light side of the package is shown by arrows 24, 
26 and arrow 28 discussed above. Arrow 26 shows the path 

10 of source light traveling through the aperture coating with 

a transmittance of 0.1%. Arrow 28 shows the reflectance 
off of the AR coating, which is typically 0.5%. Of these 
arrows, the reflections off the aperture coating, arrow 24 
and arrow 34, from inside the package, are of the most 

15 interest. Therefore, arrows 20, 26, 28 and 22 have been 

eliminated from further discussion. 

Arrow 24 shows the reflectance of source light off the 
aperture coating outside the package, which will be 
referred to as outside reflectance. In this case, there is 

20 a high reflectance in glass. This high reflectance had 

been thought to be desirable. However, this high 

reflectance is a source of the ghost images discussed 
previously. Therefore, it was necessary to develop a new 
coating to eliminate that problem. 

25 One such coating is shown in Figure 2. Structurally, 

the three layer coating looks much like the prior art 
embodiment of Figure 1. In this instance, however, the 
middle layer is germanium. An example of these three 
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layers includes a 6 0 nm thick layer of titanium monoxide 
against the glass, a middle layer 3 0 of germanium about 3 00 
nm thick, and a final 150 nm thick layer of titanium. This 
final layer is optional. In some cases it may be necessary 
5 to cover the layer of germanium with a layer of metal to 

preserve the chemical environment of the package. 

This embodiment of a low reflecting, opaque aperture 
layer relies upon the germanium layer for absorption. 
Ideally, the reflectance should be less than 10%, while 

10 remaining opaque. The rise in temperature in the package 

should be limited to less than 12° C. It has been found that 
the reduction in photopic reflectance, which is that 
reflectance as seen by a human observer, should be less 
than 7% when a metal halide light source is used. 

15 Therefore, the range of the photopic reflectance for light 

shown by arrow 24 should be between 7%-10%. The 
radiometric reflectance of the metal halide light source 
energy should be greater than 8%. Radiometric reflectance 
is that which would be detected by a uniform detector, not 

20 just that detected by the human eye. 

The embodiment of Figure 2 uses the same process steps 
as that of prior art Figure 1. In Figure 3, the process has 
been changed which results in a cost reduction in 
manufacturing the window. In Figures 1 and 2, the aperture 

25 coating is laid down directly onto the glass. A mask of 

photoresist is formed over top of the glass to cover the 
intended clear area in the middle . The three layer opaque 
coating is deposited, then the surface is soaked and 
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agitated to get rid of the unwanted coating and 
photoresist. This lift off process often results in 
defects which affect the performance of the device. 
Finally, the AR coating is laid down on top of the glass 
5 and aperture coating. 

The coatings used in the embodiments of Figures 3-6 
have a new process that reduces the number of steps and the 
amount of materials used. Both the AR coating and the 
opaque low reflector coating are deposited on the glass in 

10 one operation. Then the opaque low reflector coating is 

masked to expose the area in which the materials are to be 
removed. These materials are then plasma etched or wet 
chemical etched to remove the unwanted materials. The etch 
does not damage the AR coating. In this manner, the number 

15 of steps have been reduced, and the complications of the 

lift off process described above have been eliminated. 

Figure 3 shows coatings laid down in this manner. The 
coatings used here are deposited on top of the AR coating. 
In this embodiment they are a two layer structure of 

2 0 yttrium oxide and germanium. The yttrium oxide is laid 

down against the AR coating, then the germanium layer on 
top of it. In one embodiment, the yttrium oxide layer is 
6 0 nm thick and the germanium layer is 300 nm thick. After 
patterning the areas to be kept with photoresist, the 

25 unwanted germanium is etched. One example of an etching 

process is to use a hydrogen peroxide solution. The 
unwanted yttrium oxide etches in any weak acid, such as 
acetic acid (vinegar) . 
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This embodiment of the coatings has the desired range 
of outside reflectance at arrow 24, and the reflectance off 
the aperture coating shown as arrow 34 of 45%. The 
reflectance from inside the package off the aperture 
5 coating will be referred to as the inside reflectance. It 

is possible that the 45% inside reflectance will be 
undesirable . 

Another embodiment of the aperture coating uses a 
nearly transparent 5 0 nm film of carbon, which has an index 

10 of refraction of 2.2-i0.5. This is followed by a 500 nm 

layer of hard graphite with an index of about 3.0 -i0.3. 
The first layer is deposited by dissociating a hydrocarbon 
gas such as ethylene. The second layer is deposited by an 
electron beam gun with RF-excited argon plasma. Nearly all 

15 of the light is absorbed in the hard graphite layer, and 

both layers can be easily etched in an oxygen RF plasma. 
This coating has an inside reflectance of 25% and the 
appropriate range of outside reflectance. 

A variation on this coating uses a layer of carbon 

20 1100 nm thick. This can be deposited by using ethylene, 

with deposition parameters such as bias voltage, gas 
pressure, current, and gas flow, chosen to increase light 
absorption. The values are dependent on the specific 
coating chamber. llOOnm of absorbing carbon transmits 

25 slightly at wavelengths longer than 550 nm. An increase in 

thickness will make the coating adequately opaque. 
However, its outside reflectance may be too low when 
considering the accompanying rise in package temperature 
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due to absorption. 

While the inside reflectance along the path 34 in the 
embodiment of Figure 4 was an improvement to 2 5% from the 
reflectance of 45% from Figure 3, it may still be 
5 undesirably high. A possible solution to this is shown in 

Figure 5. In the two step process, adding a third layer of 
yttrium oxide reduces the inside reflectance to 5%, while 
keeping the outside reflectance along path 34 in the 
desired ranges. 

10 As mentioned above, the photopic reflectance is that 

reflectance of the specified light source distribution 
which can be seen by the human eye. The total reflectance, 
or radiometric reflectance, is the reflectance of the 
specified light source as seen by a uniform detector. It 

15 is possible to increase the radiometric reflectance to 

reduce the temperature rise of the device without 
increasing the photopic reflectance. This can be 

accomplished in several ways. 

In one example, a layer can be deposited between the 

20 AR coating and the 2 or 3 layer opaque aperture coating. 

The thickness of this new layer can be adjusted to be 
optically a half wavelength thick at about 54 0 nm. One 
such layer could be a 120 nm thick layer of yttrium oxide. 
It would have little effect on the photopic reflectance, 

25 but would double the radiometric reflectance. Therefore, 

only about one half as much incident light would be 
absorbed and the temperature rise would also be halved. As 
mentioned above with regard to yttrium oxide, it can be 
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easily etched. 

More complicated examples would involve multilayer 
structures. The risk of damage or defects increases when 
using more layers. Overetching into the AR coating is a 
5 possibility when using Reactive Ion Etching (RIE) but 

monitoring the thickness removed with an optical film 
thickness monitor minimizes this risk. Optical film 
thickness monitors are used routinely in the deposition of 
films. This device can therefore be used to control the 
10 progress of coating removal to define the clear aperture 

area . 

An example of one of these multilayer structures is 
shown in Figure 6. The filter layers 36 are shown added to 
a three layer opaque reflector, but could also be added to 

15 a two layer structure. The filter layers 3 6 could be one 

of several material sets, among which are titanium dioxide, 
silicon dioxide and titanium dioxide with optical 
thicknesses at one, two and one quarter wave at 55 0 nm. 
The radiometric reflectance would be increased by a factor 

20 of four. This coating, like any of the coatings used in 

Figures 3-6, could be laid down using current techniques, 
or the two step process described above. More complicated 
structures with more layers can further increase the 
radiometric reflectance without substantially increasing 

25 the photopic reflectance. 

In the above embodiments, a low reflectance opaque 
aperture coating on a glass surface is provided that 
eliminates ghost images caused by the previously desired 
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high reflectance coating on glass. The glass surface could 
be the transmissive surface for a self-contained package, 
as described above. However, this package is intended as 
an example only. The glass surface could be used by a 
transmissive modulator, where the treated glass surface 
would not have the second surface coated with an AR 
coating. The glass surface could be used with any 
modulator that needs an opaque aperture coating to define 
the clear aperture for projection of light. 

Thus, although there has been described to this point 
a particular embodiment for a method and structure for a 
low reflectance opaque coating, it is not intended that 
such specific references be considered as limitations upon 
the scope of this invention except in-so-far as set forth 
in the following claims. 
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WHAT IS CLAIMED IS: 

1. A glass surface used with a spatial light 
modulator array operable to transmit light, comprised of: 

an antiref lective coating on at least one side of a 
5 glass surface; an opaque coating on said ant iref lective 

coating, said opaque coating having at least two layers and 
a photopic reflectance of less than 10%. 

2 . The surface of claim 1 wherein said opaque 
10 coating comprises three layers. 

3 . The surface of claim 2 wherein said three layers 
are yttrium oxide, graphite and carbon. 

15 4 . The surface of claim 1 wherein said opaque 

coating includes a filter layer. 

5. The surface of claim 4 wherein said filter layer 
is comprised of a titanium dioxide layer, a silicon dioxide 

20 layer and a second titanium dioxide layer. 

6. The surface of claim 2 wherein said three layers 
titanium monoxide, germanium and titanium. 



25 



7. The surface of claim 1 wherein said opaque 
coating comprises two layers. 
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8 . The surface of claim 6 wherein said two layers 
are yttrium oxide and germanium. 

9 . The surface of claim 6 wherein said two layers 
5 are carbon and graphite. 
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10. A method of providing an opaque low reflectance 
aperture coating on a glass surface comprising the steps 
of: 

providing an antiref lective coating on at least one 
side of said glass surface; 

depositing a low reflectance opaque layer; 

patterning said opaque layer to define removable areas 
of said layer: and 

etching said opaque layer to remove said removable 
areas such that said etched opaque layer defines a clear 
aperture area through which light can be transmitted. 

11. The method of claim 10 wherein said depositing 
step further comprises a depositing a layer of yttrium 
oxide and a layer of germanium. 

12. The method of claim 10 wherein said depositing 
step further comprises dissociating a hydrocarbon gas 
operable to deposit a layer of carbon. 
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13 . The method of claim 12 wherein said depositing 
step further comprises depositing hard graphite on said 
carbon layer with an electron gun and RF- excited Argon 
Plasma . 

14. The method of claim 13 wherein said depositing 
step further comprises depositing a layer of yttrium oxide 
on said graphite layer. 

15. The method of claim 10 wherein said depositing 
step further comprises depositing a filter layer prior to 
depositing said opaque layer. 

16. The method of claim 10 wherein said etching step 
further comprises etching in a hydrogen peroxide solution 
followed by an acid. 

17. The method of claim 10 wherein said etching step 
further comprises etching said opaque layer in a oxygen RF 
plasma . 

18. The method of claim 10 wherein said etching step 
further comprises reactive ion etching. 
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